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Abstract

Perception of geometric illusions is a visuo-spatial process. As such processes often have been found to be predominantly the

domain of the right hemisphere, this hemisphere may be expected to perceive such illusions more readilly than the left
hemisphere. Using the herringbone illusion in a reaction-test paradigm, we found that in right-handed males the right
hemisphere was signi®cantly more often deceived than the left, whereas no signi®cant hemispheric di�erence was observed in

females. This is the ®rst demonstration of gender di�erences in the lateralized perception of an illusion. # 1999 Elsevier Science
Ltd. All rights reserved.
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1. Introduction

1.1. Categories of illusion

Optical (or geometrical) illusions may possibly be
the unplanned side e�ects of mechanisms which have
evolved to ®ne-tune a specie's perceptual and cognitive
capabilities [11], and may thus involve psychological
top-down projection of patterns, knowledge, and
asumptions onto assumed reality. Gregory [13] has dif-
ferentiated between illusions as: `ambiguities, para-
doxes, ®ctions, and distortions'.

`Ambiguities' are illusions, such as the Necker cube,
which can assume di�erent spatial con®gurations;
`paradoxes' are those such as the impossible Penrose
triangle; `®ctions' are the likes of the Kanizsa triangle,
where merely the presence of `pacmen' at the corners
induce the imagination of illusory contours making up
the sides; and `distortions', or more accurately `per-

spective distortions', are those with which we shall
here be dealing with. Some well-known examples of
perspective distortions are the Ponzo illusion, where
two short paralell lines of identical length appear to
di�er in length when placed between oblique lines that
resemble receding railway lines; the ZoÈ llner illusion,
where several perfectly paralell lines appear no longer
to be paralell when crossed by many small oblique
hatchings; the MuÈ ller±Lyer illusion, where two equal
lines appear unequal if one bears outward-pointing
arrows at both ends, whereas the other line bears
inward-pointing arrows at both ends; and the
Poggendor� illusion, where the two ends of a perfectly
straight but oblique line, interrupted in the middle by
two paralell lines (as though edges of a superimposing
object) appear no longer continuous but laterally dis-
placed, although this latter illusion may be a combi-
nation of both `®ction' and `distortion'.

1.2. Illusions and laterality

As with many cerebral activities, the perception of
illusions also appears to be lateralized, that is, many
illusions have been found to deceive the left and the
right hemispheres to di�erent degrees. However,
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although the majority of such studies have indicated
the right hemisphere more prone to be deceived than
the left, there appears to be no concensus in the litera-
ture. Holmes ([20], quoted by Greist and Grier [14]),
using the MuÈ ller±Lyer distortion illusion, apparently
found no hemispheric dominance. Clem and Pollack
[8] on the other hand, using the same illusion did ®nd
right hemispheric dominance. However, in e�orts to
investigate the development of the susceptibility to illu-
sions with increasing age, they dissociated the illusion
into two parts: the straight lines and the terminal dis-
tortion-inducing arrows. When they presented these
two components in succession (also tachistoscopically
but with an ISI of 500 ms), they found the opposite
hemispheric dominance. Greist and Grier (using the
Poggendor� distortion illusion [14]), and Bertelson and
Morais (using a variation of the Ponzo distortion illu-
sion [3]) also found no hemispheric dominance.
Rothwell and Zaidel [47], used the Oppel±Kundt dis-
tortion (an illusion where the extent of a ®gure is over-
estimated when ®lled with shading lines, compared to
the same ®gure when empty), and did ®nd right hemi-
spheric dominance. However, they found no domi-
nance when they presented the two ®gures that were to
be compared in succession, with an ISI of 2 s.

Several clinical studies of patients with damage to
only one hemisphere have provided further evidence.
Houlard et al. [22] employed the MuÈ ller±Lyer and the
Ponzo distortions, and found that patients with left-
hemisphere lesions perceived the illusions well, whereas
in those with right-hemisphere lesions the perception
was weakened. Grabowska et al. [12] employed the
Ponzo, the Poggendor�, the ZoÈ llner, and the
Ehrenstein±Orbison illusions (the latter also a distor-
tion illusion), with right and left brain-damaged sub-
jects, but the comparison of their performances did
not reveal any conclusive di�erences.

1.3. Gender and laterality

Another aspect of hemispheric specialisation, and
cognition overall, are gender di�erences. Although per-
formances of both genders overlap to a large degree
[35], women are found to outperform men in many
aspects of verbal ability [15, 33], while men tend to
outperform women in spatial tasks [15,23,30,53,55].
Cerebral asymmetries of speech [6,17,50], and spatial
orientation [7,9,54] are also known to be gender depen-
dent. All in all, with the exception of a few contrary
®ndings [1,4,28], the majority of studies, including also
clinical investigations, demonstrate that the lateraliza-
tion of these processes is more pronounced in males,
while females exhibit more symmetrical functional cer-
ebral organisation [9,15±17,21,25,26,31±34,50].

1.4. Illusions and gender

During adolescence, females and males undergo
diverging patterns of cognitive development [56]. Since
the divergence in development apparently also includes
susceptibility to illusions [45], it has been thought that
perhaps the di�erences in susceptibility in males and
females may well survive into adulthood. However, an
extensive study by Porac et al. [42], using 107 females
and 114 males (employing 12 of the most common illu-
sions and 11 variations of the MuÈ ller±Lyer) failed to
reveal any di�erences. Also Beckett [2], using the
Poggendor�f illusion, and Holland et al. [19] using the
Baldwin illusion (an illusion of line-length distortion
similar to the MuÈ ller±Lyer), reported having observed
no di�erences. Pratarelli and Steitz [44] on the other
hand, using what they call spatial illusions, did ®nd
that males were about 4 times faster than females in
recognizing hidden forms against complex back-
grounds. However, one may arguably consider these
not as tests of susceptibility to illusions, but rather of
general cognitive ability. We point out here, that in all
the studies of the gender factor in the perception of
illusions mentioned here, lateralized perception had
not been the issue, and the subjects had viewed the
stimuli only foveally.

1.5. Illusions, gender and laterality

Thus far, there has been no study showing the sim-
ultaneous interaction of all three variables, namely
gender di�erences in the lateralised perception of illu-
sions. We thus studied both aspects of this issue in the
perception of the herringbone illusion. As we shall
further expound in the discussion, many illusions often
investigated, such as the Ponzo, the MuÈ ller±Layer and
the Poggendor�, are not robust enough when laterally
viewed [3,41]. Most of these illusions are based on the
perception of imaginary contours, an ability which
apparently decreases with lateral viewing [18]. The her-
ringbone illusion (Fig. 1, stimuli 7±8), in which a verti-
cal herringbone shading inside a square distorts
(slants) the sides, giving the impression of a trapeze,
does not depend on the perception of imaginary con-
tours and is thus robust enough for lateral viewing.

2. Materials and methods

2.1. The stimuli

There are four di�erent methods of tachistoscopic
presentation of stimuli: threshold detection, stimulus
identi®cation, immediate stimulus matching, and
delayed stimulus matching [49]. In this study we used
a combination of two of these, namely identi®cation
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and immediate matching. The task was to identify and
report, while ®xating a small central cross, which of
the two simultaneously appearing ®gures on the left
and right of the ®xation cross was a trapezoid.

There were four di�erent stimuli, consisting of vari-
ations of two shapes: a square and a trapeze, each
with either of two di�erent shadings: simple diagonal
or herringbone. Eight pairs of di�erent combinations
of these four, with a ®xation cross in between (shown
in Fig. 1), were tachistoscopically presented on a moni-
tor, of which only stimuli 7±8 bore the illusion. We
shall later refer to these as the `critical' trials, for the
analysis of the results will be based mainly on the re-
sponses to these. The other six pairs were presented to
camou¯age the experimental intentions, as well as
to control the subject's ability to identify a true
trapezoid.

At a distance of 50 cm from the monitor, the dis-
tance from the central cross to the nearest edge of
either ®gure on the right and left subtended 4.08. The
height and width of the square, and the lower edge of
the trapeze measured 7.48; the upper edge of the tra-
peze measured 6.88 and thus although readily recogniz-
able as a trapeze, it only slightly (7.4ÿ6.88=0.68)
deviated from a square at its upper edge. The ®gures
were white lines on a black background, at an intensity
such that after screen blanking any persisting phos-
phorescence was not noticable in the darkened room.
The stimuli were presented such that, every 4 s, the
central cross appeared ®rst, followed 0.5 s later by a
stimulus pair, 180 ms after which the screen was
blanked. The eight combinations were presented 80
times pseudo-randomly (lasting 5 min), followed by a
posture and eyes rest of approximately 20 s. Five such
sessions were administered consecutively (lasting a
total of 30 min), at the end of which the subject had
been exposed 400 times to the stimuli (50 exposures to
each of the eight pairs).

The experimental setup consisted of a personal com-
puter (Compaq Deskpro 286), the paralell port of
which was connected to two microswitches operated
by the subjects. The computer hosted two graphic con-
trollers, one generating the stimuli on the monitor in
the experimental room, the other displaying the exper-
imental progress on a second monitor observable only
to the experimenter in another room. The stimuli were
generated by a program written by the authors in `C'.
Within a temporal window of 2 s after the presentation
of each stimulus, the program monitored the state of
the paralell port (hence that of the two microswitches),
grouping and recording the L/R responses made to
each stimulus pair.

2.2. Subjects

The subjects consisted of 20 males (age range: 17±

57, mean: 30.1210.71), and 21 females (not in their
menstrual phase, age range: 19±45, mean: 25.7127.5),
who were mostly university students.

They were all dextral, according to the Edinburgh
Handedness Inventory [5,39], and were screened for
corneal irregularities (astigmatism) by having them
monocularly ®xate 58 to either side of a perfectly verti-
cal line. They were excluded from the study if they
reported seeing perceptible deviations from absolute
verticality in either eye, an important screening feature
of this study, for we have observed (unpublished), that
such defects can distort the ®ne geometries of laterally
presented stimuli per se.

2.3. Experimental protocol

The subjects sat, their arms resting on the table in
front of them, while their heads were imobilized by a
chin and forehead rest placed 50 cm from the monitor.
To reduce undue fatigue and the ensuing lack of con-
centration, chair and chin-rest height were individually
adjustable. Each hand rested on a microswitch of its
own, separated laterally by 25 cm, thus spatially corre-
sponding with the separation of the two ®gures on the
screen.

In lieu of an explanation they were shown only
stimulus 4 (Fig. 1) and given the following instruc-
tions: (1) to ®xate the central cross as soon as it
appeared; (2) if a trapezoid was identi®ed, to press the
switch on the side that it appeared with the corre-
sponding hand, as quickly as possible and without
much contemplation (but within 2 s); (3) a trapeze was
to be identi®ed not from its inner shading (which was
subject to change), and not by judging simply from the
slant of the edge nearest to the ®xation cross, but from
its overall impression; (4) That although the ®gure on
the right of the demonstration stimulus (Fig. 1, stimu-
lus 4) was clearly a trapeze, successive trapezoids
would at random have their sides so minutely slanted,
that although still a trapeze, the di�erence to a square
would be very hard to determine. This was misinfor-
mation, but it primed the naive subject for the herring-
bone square when it appeared. It also e�ectively
disarmed those who may have been acquainted with
the illusion, since they could no longer be certain
whether it was the illusion (in reality a square), or a
®gure still geometrically de®nable as a trapeze; (5) that
the choice would be go/no-go; `go', if the trapeze
appeared on one side only, and `no-go', if both sides
appeared trapezoidal.

3. Results

Table 1 summarizes the grouped means and stan-
dard deviations of the total responses of all 41 subjects
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to the eight pairs of stimuli shown in Fig. 1. As a con-
trol, the responses made to stimuli 1±4 illustrate that
in every pair both genders have been able to perceive
and identify a true trapeze with 80±100% accuracy.
The responses of main interest are those made to stim-
uli 7±8, which bear the illusion. These were analyzed
with repeated-measures ANOVA (right visual ®eld vs
left visual ®eld), with gender as the between-subject
variable. As with the perception of the true (control)
trapezes, also the frequency of perception of the illu-
sion was quite high (about 60%), and without any sig-
ni®cant di�erence between the genders [F(1,39)=0.02,
n.s.]. Further, the ANOVA con®rmed that visual ®eld
indeed was a signi®cant source of variance
[F(1,39)=6.16, P<0.05], supporting a left visual ®eld
advantage (right hemisphere) for perceiving the illu-
sion. It also yielded signi®cant interaction between the
two factors, visual ®eld and gender [F(1,39)=7.51, P
<0.01]. These results are graphically shown in Fig. 2,
where visual-®eld di�erences in females appears negli-
gible, whereas for males the left visual-®eld superiority
is signi®cant, attesting to right hemispheric dominance.
The posthoc test (Sche�eÂ ) also yielded high signi®cance
[P = 0.0089] for right hemispheric asymmetry in
males, but no signi®cant asymmetry [P = 0.9983] for
females.

Also striking appear to be the responses made to
stimuli pairs 5±6. Here, both genders have responded
more often to the `enhanced' trapeze (with herringbone
shading), whereby males have responded more often
when it appeared in the left visual ®eld. In these stim-
uli both ®gures are trapezoid, and the subjects had
been given instructions not to respond in such cases.
We conjecture, that the herringbone shading may so
much enhance the trapezoid impression, that the ®gure
on the other side may by comparison appear as a
square. Also here the ANOVA showed no signi®cant
[F(1,39)=0.85, n.s.] gender di�erences in being
deceived by the enhanced trapeze. However it did

Fig. 1. Stimuli pairs used in the experiment, each pair with a ®xation

cross in between. Figures are either a square or a trapeze, each with

one of two di�erent shadings: diagonally-hatched or herringbone.

Pairs 1±6 serve as control stimuli and to mask the experimental

intentions; only pairs 7±8 bear the herringbone illusion, i.e. stimulus

7-left and stimulus 8-right. Here, the herringbone shading inside the

square induces perceptual slanting of the sides, creating the illusion

of a trapeze. The stimuli are arranged so that the trapezoids appear

grouped in columns, facilitating the comparison and the observation

of the trend in the responses made to them (Table 1).

Fig. 2. Frequency of response of the subjects to the laterally-pre-

sented illusory trapeze (Fig. 1, stimulus 7-left, stimulus 8-right).

Whereas signi®cant left visual ®eld perception is observed for the

male sample group (right hemipheric perception), the female group

exhibits almost no asymmetrical perception.

Table 1

Responses of all 41 subjects to the stimuli pairs shown in Fig. 1, the

numbers in brackets corresponding to the same numbers for the

stimuli. Below each stimulus number is the corresponding grouped

mean (N=50) and S.D. of responses for the subjects; male (M,

upper rows), female (F, lower rows), where the responses to the pre-

ferred visual ®eld is printed in bold letters. The number of L/R re-

sponses to each stimulus pair does not always add up to N=50,

especially for stimuli 5±8, since subjects did not respond when uncer-

tain, or when they perceived both ®gures as identical

L R L R

(1) (2)

M 41.5211.0 0.420.7 1.022.1 39.4212.6

F 42.524.8 1.322.2 3.324.6 41.826.5

(3) (4)

M 49.221.8 0.220.9 0.220.5 47.525.3

F 49.320.9 0.320.8 1.321.6 48.421.8

(5) (6)

M 40.028.9 3.925.2 7.827.1 31.5212.5

F 34.0213.0 8.029.0 10.328.6 34.7210.7

(7) (8)

M 35.2211.3 1.323.5 2.524.0 24.9214.4

F 33.9211.4 4.825.9 5.526.4 32.7211.8
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reveal visual ®eld to be a marginally signi®cant
[F(1,39)=3.15, P< 0.10, n.s.] source of variance, and
the interaction between visual ®eld and gender to be
also of marginal signi®cance [F(1,39)=3.63, P<0.10].

4. Discussion

This is the ®rst demonstration of gender di�erences
in the lateralized perception of an illusion, and the
results in right-handed males demonstrate signi®cant
dominance of the right hemisphere in perceiving the
herringbone illusion. Additionally, they show inter-
action between visual ®eld and gender, i.e., for the
critical trials, we ®nd a cerebrally symmetrical percep-
tion of the illusion in females, in agreement with the
generally more symmetrical organization often found
in females [9,15±17,21,24±26,31,33,43,50]. A further
®nding here was that, irrespective of visual ®eld, the
illusion appeared to deceive both genders to equal
extent, corroborating those studies which found no
gender di�erences when subjects viewed illusions fove-
ally [2,19,42,44].

As mentioned in the introduction, the contradictory
®ndings of Clem and Pollack [8], and Rothwell and
Zaidel [47], occurred only when they presented the dis-
sociated components of an illusion successively, a con-
dition which may, we surmise, lead to its perceptual
break-down, since adequate interaction between the
substrate and the inducing components may be limited
to a very narrow temporal span. In support of this
contention, recently Usher and Donnelly [52] have pro-
vided evidence that `visual grouping' is facilitated
when elements of a percept are presented at the same
time as each other (within the integration time of the
visual system), and can be divorced from the percep-
tion of other features by enforced temporal separation.

Greist and Grier [14] found no hemispheric domi-
nance, but not only did they dismiss handedness in the
choice of their subjects, but pooled the results of the
mere four males and four females whom they tested.
Exactly the same two shortcomings appear to plague
the ®ndings of Bertelson and Morais [3], who also
found no hemispheric dominance. In clinical studies,
Grabowska et al. [12] found no hemispheric domi-
nance in brain-damaged patients, in whom they
described the pathology as: ``The lesions were mainly
cortical, involving sometimes a portion of subcortical
structures''. Perhaps pertinent here are recent PET
localization of areas responsible for visuospatial atten-
tion, revealing these to be deeper structures, mainly in
the right hemisphere [38]. The lesions a�ecting the sub-
jects in this study were not only too di�use, but often
too super®cial.

As already mentioned, the choice of the stimulus
may have been a critical factor in the outcome of the

results. In planning these experiments, we had noticed
(unpublished observations), that many `®ctitious' illu-
sions, i.e., those involving the perception of imaginary
contours such as the Poggendor�, MuÈ ller±Lyer or the
Ponzo, were not robust enough for lateral viewing.
Also Polich [41] reported that performance decreased
with increasing angular presentation of the stimulus
away from the ®xation point. Bertelson and Morais [3]
also made similar observations, although they attribu-
ted this to the brevity of the tachistoscopic presen-
tation. Pertinent to these observations are recent
®ndings by Hess and Dakin [18], who measured sus-
ceptibility to imaginary contours and found it to be
reduced with increasing angular displacement from the
®xation point, becoming totally absent in peripheral
vision. If this susceptibility is responsible for the per-
ception of the `®ctitious' illusions mentioned, it could
account for the negative ®ndings in the studies we
have mentioned [3,8,14,47]. The herringbone illusion,
on the other hand, is compelling even when viewed
peripherally, as it does not involve the perception of
imaginary contours.

Instrumental to these results may have been yet
another aspect of the experimental paradigm, i.e., the
type of response requested from the subjects. Perhaps
the speci®cation that response speedÐalthough limited
to a maximum of 2 sÐwas not as important as accu-
racy of the response, was a decisive factor here. This is
in contradiction to the ®ndings of Rothwell and Zaidel
[47], who found the right hemisphere to be more sus-
ceptible to the illusion only when subjects had to
respond quickly. However, they noted that their ®nd-
ings perhaps applied merely to the illusion they studied
and not to illusions in general.

Also of importance in the experimental paradigm is
the issue of unilateral vs bilateral presentation. In in-
itial trials we employed unilateral presentation, which
yielded basically similar results to those we have here
presented. However, we ®nally chose bilateral presen-
tation for the following reason. Although in the per-
ception of a stimulus of interest presented laterally,
another stimulus contralaterally presented may be
redundant, this `redundant-target' e�ect may appar-
ently accelerate the cognitive process, yielding shorter
reaction times [29,36,37,46]. Although we did not
measure reaction times, we reasoned that the shorter
responses may be due to reduced inter-hemispheric
enquiry, since both hemispheres may be simultaneously
occupied, each with a spatio-visual task of its own.

Furthermore to the choice of the stimulus, also the
possible combinations of stimuli used may have been
critical. In stimuli 7±8, had we paired the illusory
®gure with a true trapeze rather than with a square,
the illusion would probably seldom have been per-
ceived. This assumption is supported by considering
the responses made to stimuli 5±6, where one stimulus
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appears to have been perceived, as we previously
hinted, as relatively `more' of a trapeze than the other.
In these stimuli, the herringbone shading may be inten-
sifying the trapeze form, for it is obviously the pre-
sence of these multiple `V' forms that induces the
illusory slanting of the sides of a true square (stimulus
7-left; stimulus 8-right). Comparison of responses
made to stimulus 2-right with those made to stimulus
4-right would con®rm that multiple `V' forms and
slanting sides do make a greater impression than slant-
ing sides alone. Similarly, the multiple `V' forms and
the slanting sides of stimulus 5-left may make a greater
impression than the slanting sides alone of the other
®gure. Since subjects were required to respond only to
a trapeze, their anticipatory attention was focused on
a stereotyped trapeze from memory. Thus the percep-
tion of the more salient trapeze, together with the
brevity of the tachistoscopic presentation may have
obliterated any memory of the other ®gure, a memory
which would have been needed in the post-stimulus
comparison period before a decision was reached.
Thus the condition may well have simulated one of
metacontrast masking (for a review see [10]).

Certainly, the more frequent identi®cation of stimu-
lus 5-left as a trapeze than 5-right, is an illusion in its
own right, and the responses of the males further
strengthen our ®ndings for stimuli 7±8, that the right
hemisphere is more readily deceived. Perhaps the
greater susceptibility of this hemisphere to distortion
illusions of this kind is the by-product of its ®ner dis-
crimination of line orientations. In investigating male
hemispheric asymmetry in the discrimination of line
orientation, Kimura [27], Umilta et al. [51], Phippard
[40], and Sasanuma and Kobayashi [48], all consist-
ently found signi®cant right hemispheric advantage. If
we are correct in describing the herringbone illusion as
a distortion of line orientation, comparison of the pre-
sent ®ndings with those of the latter studies would
lead us to suspect that both e�ects are subserved by
similar if not identical neural mechanisms.
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